Compounds with two mesogenic groups without terminal alkyl chains or other groups con taining thiophene systems have been prepared from a.<o-bis(5-formyl-2-thienyI)alkanes (series 1) and various phosphonium salts by Wittig-reaction. The chemical structures of the new compounds have been characterized by their elemental analyses, IR and 'H NMR spec tra and MS. The liquid crystalline properties of these compounds were characterized by dif ferential scanning calorimetry (DSC) and polarizing microscopy. Mesogenic cores with one thiophene system and two benzene systems give rise to liquid crystalline phases. These com pounds with one vinylene group in each core (series 2 and 3) are mostly monotropic, those with two or three vinylene groups are enantiotropic liquid crystalline. Exchanging one viny lene group by a azomethine group in each core reduces the temperature range of the mesophase or destroys the liquid crystallinity completely. In contrast to E,E-l-(5-butyl-2-thienylvinyl)-4-(styryl)benzene (9) with no mesophase the corresponding all-E-a.ö>-bis{5-[4-(4-styryl)styryl]-2-thienyl}alkanes (series 5) show over a wide temperature range with increasing inner chain length more and more high ordered mesophases. all-E-a.a>-Bis{5-[4-(4-phenylbuta-1.3-dienyl)styryl]-2-thienyl}alkanes (series 7) decompose in their mesophases.
Introduction
In a previous paper we have shown that com pounds with two mesogenic groups (see Scheme 1) containing thiophene systems in the aromatic unit are able to form liquid crystalline mesophases [1] . Such compounds are also named "LC-dimers" in literature. The therm al behaviour of these com pounds is very different depending on the length and num ber of methylene groups in the inner fle xible chain. The aim of this work was to compare more in depth the difference in therm al behaviour of the compounds by varying the mesogenic core containing thiophene systems. So we synthesized compounds without terminal alkyl chains or other groups (see Scheme 1) and mostly without units containing heteroatom s in the mesogenic groups (series 2 ,3 ,4 ,5 ,7 ) because the influence of the sul phur atom in the thiophene systems on the meso-* Reprint requests to Prof. G. Koßmehl phases should be therefore dom inant (see Scheme 2) . For better comparison of the therm al behaviour of compounds with one and two meso genic groups of the same structure we synthesiz ed and characterized also the compound 9 (see Scheme 3) .
Synthesis
The synthesis of the new compounds starts from the a.a>-bis(5-formyl-2-thienyl)alkanes (1) and some different phosphonium salts which are known in the literature (see Scheme 2) [2 -4 , 11] . The di aldehydes l a -I I are described in a previous paper [!] • The Wittig-reaction was carried out by two dif ferent methods. The first started with lithium methanolate in absol. methanol following a synthesis of Bellinger et al. [5] (m ethod A) and the second one with potassium carbonate and dibenzo [18] crown-6 following a description of M. Boden [6] (m ethod B). 
<^-C H = C H -C H = C H -@ -7ft -7 f
The second m ethod was a phase-transfer-catalyst reaction and, in contrast to the first method, need no protic solvent. The phase-transfer-catalyst reac tion in aprotic solvents is necessary for the synthe sis of the compound 4 and series 5,7 and 9 because the corresponding phosphonium salt reacted in the presence of protic solvents and a base dominant to the methyl derivatives as shown in Scheme 4. A si milar side-reaction was shown for benzyltriphenylphosphorane which reacted to toluene [7, 8] and for 2-thienylmethyltriphenylphosphorane which changes to 2-methylthiophene [9] . The consequen ce was that the yield of the desired compounds Schem e 3. Formula o f 9.
decreased dramatically. So for 4 respectively we could get the product only by m ethod B. It seems the difference between the stability of the phos phonium salts can be explained by different stabi lization mechanism of the interm ediate carbanion which is shown in Scheme 4. Phosphonium salts with vinylene groups or the anthracenyl group could stabilize the carbanion more effectively by mesomerization than the other phosphonium salts.
Moreover for method B we have varied the solvent and base for different chain lengths of the series 5 (see Table I ). Only in xylene or dioxane with the base K2C 0 3 the yield is good but in comparison to the yields for related compounds published by M. Boden [6] (about 90%) not completely satisfactory. This difference in the yields could be explained by the different solubility of the synthesized com pounds. For the synthesis of all compounds the re-
o c 2h 5 <^V c H = C H H^V C H 3 + 0 = P ( c 6H s ) 3 ^C 2H s°H / T \ c h = -(c 2h s )2o w action was therefore not complete. Therefore also the product was isolated where only one aldehyde group of the dialdehyde 1 had reacted with a phosphonium salt. In the following we call it "m ono reacted product" (see Scheme 2) . But only in a few cases the "m onoreacted product" (6 a, 6 b, 8 a -8 d) can be really purified. The vinylenes (excluding the m onoreacted products) were transform ed into the all-E-isomers by refluxing the product 8 h in absol. toluene with a catalytic amount of iodine. The pure all-E-isomers of the m onoreacted products are only available got by recrystallization from various sol vents.
The chemical structures of all new compounds have been characterized by their elemental analy ses, their IR and JH NMR spectra and MS. The electronic spectra confirm the chromophoric sys tems. Experim ental IR spectra were m easured with a Perkin-Elmer-580-B spectrometer. *H NM R spectra were m easur ed at 270 MHz using a B ruker W H 270 instrument, the chemical shifts are given relative to tetramethylsilane (TMS). Mass spectra were measured with a Varian MAT-112-S instrum ent. Elemental Scheme 4. The decomposi tion of the 4-styrylbenzylphosphonium salt in presen ce of an alcoholate [10] .
analyses were perform ed with a Perkin-ElmerRecorder 56. The phase transitions were determ in ed by H eraeus TA 500 instrum ent with a scanning speed of 10 °C/min and sometimes 20 °C/min for heating and cooling runs. The first and second heat ing cycle was used for the determ ination of the phase transition tem peratures and enthalpies. Optical in vestigations were carried out with a Zeiss polariza tion microscope using a Lincam heating regulation system.
General synthesis fo r E,E-a.a>-bis{[5-(4-biphenyl-4-yl)vinyl]-2-thienyl}-alkanes ( 2 a -2 d ) and E,E-a.(o-bis{[5-(4-phenylazophenylvinyl)-2-thienyl]alkanes (3 a -3 d) (method A; see Scheme 2)
The reaction of the a.w-bis(5-formyl-2-thienyl)-alkanes ( l a -I f ) [1] and phosphonium salts to the vinylene derivatives 2 a -2 d and 3 a -3 d was car ried out in absol. ethanol or absol. m ethanol under an argon atmosphere respectively for 2 a -2 d with triphenyl(4-phenylbenzyl)phosphonium bromide [2] and for 3 a -3 d triphenyl(4-phenylazobenzyl)-phosphonium bromide [11] . The reaction was start ed with different volumes of 1M CH3OLi in absol. m ethanol where the interm ediate ylene coloured the solution with luminosity colours. The reaction solution was stirred for 3 h. The end of the reaction was detected by TLC in CHC13 where the product is in the front (Rf around 1), the "m onoproduct" more in the "m iddle" (Rf around 0.5) and the educt near at the starting point of the chromato gram. For further transform ation more base (in 1 ml portions) was given to the solution. For the com pounds 2 a -2 d and 3 a -3 d most of the product was precipitated. For purification see below General description for the purification of all compounds, prepared by method A and B.
The isolation of the direacted and m onoreacted product was done by liquid chromatography on neutral silicagel (Woelm) where the mobile phase was first pure hexane and lateron a mixture of chloroform and hexane. The first fraction is the E/Zmixture of the pure direacted product, the second fraction is mostly pure E/Z-m ixture of the mono- 
This spectrum is similar to these for 2 
E,E-1.4-Bis[5-(4-phenylazophenylvinyl)-2-thienyl]-butane (3 a)
From 0.258 g (0.93 mmol) l a (with n = 4), 1.100 g (2 mmol) triphenyl-(4-phenylazobenzyl)phosphonium bromide [15] 
E,E-1.12-Bis[5-(4-phenylazophenylvinyl)-2-thienyl]-dodecane (3 d)
From 0.365 g (0.93 mmol) I f (with n = 12), 1.100 g (2 mmol) triphenyl-(4-phenylazobenzyl)phosphonium brom ide in 50 ml absol. ethanol and 10 ml li thium m ethanolate (1M in m ethanol), orange-red crystals from CH 2C12 and toluene; m. p. 179 °C; yield 0.562 g (81%). The phase-transfer-catalyst (PTK) reaction was done by a procedure given by R. M. Boden [6] where the base is K2C 0 3 and the PTK dibenzo [18] crown-6. The compounds were synthesized mostly in 30 ml xylene under an argon atm osphere with a.a»-bis-(5-formyl-2-thienyl)alkanes ( l a -l f ) [1] , phosphonium salt, K2C 0 3 and dibenzo [18] crown-6 where the phosphonium salt and the base were only sus pended. While heating the reaction solution about 18 h most of the product was precipitated. For re moving K2C 0 3 the unpurified product was washed repeatedly with water. This crude product was dried over P20 5 by vacuum and after this transform ed by refluxing 8 h in absol. toluene with a catalytic amount of iodine from the E/Z-isom er to the all-E product. The product was recrystallized from dif ferent solvents. The product which was still soluble in the reaction solution is to be purified by liquid chromatography (see above).
E,E-1.8-Bis [5-( 9- 
all-E-1.4-Bis[5-(4-styrylstyryl)-2-thienyl]butane (5a)
From 0.278 g (1 mmol) l a (with n -4), 1.07 g (2 mmol) triphenyl-(4-styrylbenzyl)phosphonium bromide [13] in 30 ml absol. dioxane, 2.800 g (20 mmol) K2C 0 3 and 0.007 g (0.02 mmol) dibenzo [18] crown-6, 18 h reflux; orange crystals from to luene; m.p. 288 °C, cl.p. (dec.) 316 °C; yield 0.239 g (38%). 
all-E-1.7-Bis[5-(4-styrylstyryl)-2-thienyl]heptane (5 b)
From 0.320 g (1 mmol) l b (with n = 7), 1.07 g (2 mmol) triphenyl-(4-styrylbenzyl)phosphonium bromide in 30 ml absol. xylene, 2.800 g (20 mmol) K2C 0 3 and 0.007 g (0.02 mmol) dibenzo [18] crown-6, 18 h reflux; light yellow crystals from toluene; m.p. 246 °C, cl. p. 262 °C; yield 0.437 g (65%).
The "monoreacted product" 6 a was also isolated by liquid chromatography. 
all-E-1.10-Bis[5-(4-styrylstyryl)-2-thienyl]decane (5e)
From 0.362 g (1 mmol) l e (with n = 10), 1.070 g (2 mmol) triphenyl-(4-styrylbenzyl)phosphonium bromide in 30 ml absol. THF, 2.800 g (20 mmol) K2C 0 3 and 0.007 g (0.02 mmol) dibenzo [18] 
all-E-1 -(5-Formyl-2-thienyl)-4-[5-(4-styry Istyryl)-2-thienylJbutane (6 a)
From the synthesis of 5 a (see above). The "monoreacted product" was isolated by liquid chro matography [silica-gel/first CHCl3-hexane (1:5), later CHCl3-hexane (1:1)] of the crude product where the first fraction is 5 a and the second fraction is 6 a, light yellow powder from THF/EtOH; m.p. 184 °C; yield 0.016 g (3.5%). 
Hz, T h -H 3,); 2.86 (t, 2 H , / = 8 Hz, H?C -T h -C H O ); 2.78 (t, 2H , J = 8 Hz, H2C -T h -C H = CH); 1.7 (m, 4H, T h -C H 2-C H 2); 1.32 (m, 16H, T h -(C H 2)2-(C H ,)4).
MS (m/z): 566 (100) (M +); 283 (5) (M2+); 328 (1) (C23H 21S)+; 314 (4) (C22H 19S)+; 301 (49) ( (^" S ) * ; 267 (9) (QjH,,)*.
all-E-1.4-Bis{5-[4-(4-phenyl-buta-1.3-dienyl)styryl]-2-thienyl) (7 a)
From 0.278 g (1 mmol) l a (with n = 4), 1.120 g (2 mmol) triphenyl-[4-(4-phenyl-1.3-butadienyl)-benzyl]phosphonium bromide [4] in 30 ml absol. xylene, 2.800 g (20 mmol) K2C 0 3 and 0.007 g (0.02 mmol) dibenzo [ 18] crown-6, 18 h reflux; gold coloured yellow crystals from xylene; m. p. 286 °C, cl. p. (dec.) 293 °C; yield 0.150 g (22%). The "mono reacted product" 8 a was also isolated by liquid chro matography (see below). 
all-E-1.7 -Bis{5-[4-(4-phenyl-buta-l ,3-dienyl)styryl]-2-thienyl}heptane (7 b)
From 0.320 g (1 mmol) l b (with n -7 
all-E-1,8 -Bis{5-[4-(4-phenyl-buta-l. 3-dienyl)styryl] -2-thienyl}octane (7 c)

all-E-1.12-Bisf5-[4-(4-phenyl-buta-l.3-dienyl)-styryl] -2 -thienyl} do decane (7d)
From 0.390 g (1 mmol) I f (with n = 12), 1.120 g (2 mmol) triphenyl-[4-(4-phenyl-1.3-butadienyl)-benzyl]phosphonium bromide in 30 ml absol. xylene, 2.800 g (20 mmol) K2C 0 3 and 0.007 g (0.02 mmol) dibenzo [18] 
all-E-l-(5-Formyl-2-thienyl)-4-{5-[4-(4-phenyl-buta-1.3-dienyl)styryl]-2-thienylJ butane (8 a)
From the synthesis of 7 a (see above). The "m ono reacted product" was isolated by liquid chromato graphy [silica-gel/first CHCl3-hexane (1:5), later CHCl3-hexane (1:1) This spectrum is similar to these for 8 b -8 d .
all-E-l-(5-Formyl-2-thienyl)-7-{5-[4-(4-phenyl-buta-1.3-dienyl)styryl]-2-thienyl)heptane (8 b)
From the synthesis of 7 b (see above). The "m ono reacted product" was isolated by liquid chromato graphy [silica-gel/first CHCl3-hexane (1:5), later CHCl3-hexane (1:1 
all-E-l-(5-Formyl-2-thienyl)-8-{5-[4-(4-phenyl-buta-1.3-dienyl)styryl]-2-thienyl}octane (8 c)
From the synthesis of 7c (see above). The "mono reacted product" was isolated by liquid chromato graphy [silica-gel/first CHCl3-hexane (1:5), later CHCl3-hexane (1:1) 
all-E-l-(5-Formyl-2-thienyl)-12-{5-[4-(4-phenylbuta-1.3-dienyl)styryl]-2-thienyl}dodecane (8 d)
From the synthesis of 7d (see above). The "mono reacted product" was isolated by liquid chromato graphy [silica-gel/first CHCl3-hexane (1:5), later CHCl3-hexane (1:1)] of the crude product where the first fraction is 7d and the second fraction is 8d, light yellow powder from THF/EtOH; m.p. 169 °C; yield 0.243 g (41%). 
E,E-l-(5-Butyl-2-thienylvinyl)-4-(styryl)benzene (9)
From 0.169 g (1 mmol) 5-butylthiophene-2-carbaldehyde, 0.535 g (1 mmol) triphenyl-(4-styrylbenzyl)phosphonium bromide [13] in 30 ml absol. xylene, 1.400 g (10 mmol) K2C 0 3 and 0.0035 g (0.01 mmol) dibenzo [18] (4) with different chain lengths n; Th = tran sition temperature while heating, Tc = transition temperature while cooling, AHh = transition enthalpy while heating (* = while cooling), A Sh = transition entropy while heat ing (* = while cooling), C = crystal, N = nematic, I = isotropic, dec. = de composition, ** = only veryfied by microscopy. MS (m/z): 344 (100) (M+); 172 (9) (M2+); 301 (47) (C21H 17S)+; 267 (7) (C21H 15)+.
Results
The thermal behaviour of the compounds is shown in Table II Table II ). In contrast to the low molecu lar weight compound 9 with no mesophases the compounds of series 5 exhibit while cooling the sam ple mostly several mesophases. Only 5 with 4 methylene groups melts exclusively enantiotropic into the nematic phase. With increasing chain length for the series 5 more and more mesophases have to be observed (see Fig. 1 ). So we see for 5d, 5 e and 5 f with 9,10 and 12 methylene groups three m eso phases respectively (see Fig. 2 ). Especially for 5d the tem perature ranges are small for the smectic A and smectic 1 phase while heating the sample. So we could not observe a transition peak in the DSC for each transform ation while heating the sample. We have assumed that each transform ation peak has nearly a gauss shape so one part of the real DSCcurve can be described as a sum of three gauss curves (see Fig. 3 ). The compounds 7 a and 7c with 4 and 8 methylene groups show exclusively enantiotropic nematic and 7 b and 7d with 7 and 12 methylene groups enantiotropic nematic and smectic A phases. For 7 b we observed additionally a small smectic 1 phase over a small tem perature range by microsco py (see Table IV ). The determ ination of the mesophases of the series 7 is complicated because the compounds begin to decompose in the nematic or isotropic phase also under a nitrogen atmosphere (see Table IV ). The m onoreacted products of the series 6 and 8 melt mostly directly into the isotropic phase. The only exceptions are the homologous compounds 8 a and 8 c with 4 and 8 methylene groups which are enantiotropic nematic (see Table IV ).
All compounds are not thermally stable for longer heating times.
Discussion
Compounds with two mesogenic systems are quite of interest as model compounds for semi-flex ible liquid crystalline polymers and also because their real properties differ from conventional low molecular weight compounds having a rigid core attached with one or more term inal alkyl chains or other groups. So, for example, the dimerization of one core can enhance or induce the formation of mesophases as shown for the compounds of the series 5 and 9. Corresponding to the polymers also in compounds with two mesogenic systems the for m ation of the mesophases is dependent on the inner chain length. Besides the known "even-odd effect" [12] (see below) the ratio of the spacer to core length is sometimes significant for building up special me sophases. In Fig. 1 the dependence of the transition tem peratures on the length of the spacer is shown. H ere and in Table III we can see that 5d with 9 m ethylene groups has an extended smectic mesophase while heating and cooling the sample. Sup posing that the inner chain has the all-trans confor mation and the C -C -b o n d the same repeating distance as determ ined on polyethylene crystals (2.5 Ä) [13] the length of the spacer with 8 or 9 m ethylene groups should be nearly 18.5-21 A. M oreover one may estimate the length of the rigid core in series 5 with the s-trans-conformation of the thiophene system as about 17 A [17] . So the meso genic groups in the compound can pack with higher efficiency in smectic structures if the chain length is similar or longer than the core length. Nevertheless the odd members of the series 5 and 7 especially with 7 and 9 methylene groups show a tendency to form smectic mesophases.
In Table III also the entropy changes z!SSa _ n at the smectic A-nematic transition of the series 5 are Table III . Thermal transitions of the E,E-a.<y-bis[5-(4-styrylstyryl)-2-thienyl]alkanes (5 a-5 f), with different chain lengths n and E,E-l-(5-butyl-2-thienylvinyl)-4-(styryl)benzene (9); Th = transition temperature while heating, Tc = transition temperature while cooling, ^lHh = transition enthalpy while heating (* = while cooling), ZlSh = transition entropy while heating (* = while cooling), C = crystal, S = smectic, N = nematic, I = isotropic, dec. = decomposition, ** = only veryfied by microscopy, *** = veryfied by gauss-fit of the DSC-curve. Table IV . Thermal transitions of the E,E-l-(5-formyl-2-thienyl)-a>-[5-(4-(styryl)styryl)-2-thienyljalkanes (6 a, 6 b), all-E,E-a.w-bis-(5-[4-(4-phenyl-buta-1.3-dienyl)-styryl]-2-thienyl}alkanes (7 a -7 d), all-E-1 -(5-formyl-2-thienyl)-£ü-{5-[4-(4-phenyl-1.3-dienyl)styrylj-2-thienyl}alkanes (8 a -8 d ) with different chain length n; Th = tran sition temperature while heating, Tc = transition temperature while cooling, J H h = transition enthalpy while heating, zlSh = transition en tropy while heating, C = crystal, S = smectic, N = nematic, I = isotropic, dec. = decomposition, ** = only veryfied by microscopy.
(see Fig. 3 ).
In contrast to the entropies zlSs^N the transition entropies from the nematic to the isotropic phase /d SN_of the series 5 show a quite different be haviour. So these entropies alternate with increas ing chain length; compounds with a spacer contain ing an even num ber of methylene groups have the higher values than those one with odd numbers of methylene groups (see Table III ). This "even-odd effect" for these compounds is well-known in lite rature [12] and is often related to different orienta tion of the moieties in the nematic phases by differ ent chain length in such a compound with two mesogenic groups [16] . A comparison to the series 2, 3 and 7 is not possible because respectively for the series 2 and 3 some transform ations from the isotropic to the nematic phase could only observed by microscopy and for the series 7 the clearing points of all homologous compounds were combined by a decomposition of each sample.
Except for the series 6 in all compounds the thio phene and benzene systems are bound in the same sequences in the core (see Scheme 5) . Their differ ences are only the result of different connecting groups between the ring systems like vinylene, azo or 1.4-buta-1.3-dienyl groups. So the comparison between the compounds shows that only the com pounds with vinylene groups melt with extended mesophases. This fact can not explained exclusive ly with the structure behaviour of the compounds. Although 2 a-2d have no azo groups in contrast to the series 3 they melt similar to the "dimeric" compounds of the series 3 with an azo group and series 4 with a vinylene group in the core. Moreover the compounds of the series 7 with the greatest num ber of vinylene groups in each core show while heating the sample mesophases over an extended tem perature range. A further example is given by a comparison to the azomethine derivatives E,E-1.6-bis{5-[4-(styrylphenyl)iminomethyl]-2-thienyljhexane (10) [18] and E,E-1.6-bis{5-[N-(4-phenylazophenyl)im inom ethyl]-2-thienyl]hexane (11) [18] which are in contrast to the vinylenes of the series 3 and 5 not liquid crystalline (see Scheme 6) . Similar results were observed by Koß-mehl and Budwill [19] on low molecular weight compounds assuming that the difference of the mesophase behaviour caused by different structur al arrangements in the vinylene and azomethine group. M oreover we additionally assume that the deviation from the electronic structure should have an effect on the different therm al behaviour of the
